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Summary  In  the  present  study,  for  the  treatment  of  methyl  parathion,  Fenton  oxidation  is
adopted. The  aims  of  this  study  were  (a)  to  assess  the  removal  efﬁciency  in  terms  of  chemical
oxygen demand  (COD),  (b)  to  scrutinize  the  inﬂuence  of  different  parameters:  initial  pH,  con-
centrations  of  H2O2 and  Fe2+ and,  (c)  response  surface  methodology  (RSM)  was  used  to  design
the Fenton  process.  Three-level  central  composite  design  (CCD)  was  applied  in  designing  the
experiments  to  observe  the  effects  of  most  important  operating  factors.  The  enactment  of  the
model was  judged  with  the  analysis  of  variance  (ANOVA).  A  quadratic  model  was  used  to  rep-
resent the  experimental  data.  The  predicted  values  and  experimental  values  were  found  to  be
in good  agreement  with  the  (R2 =  0.9891  and  Adj-R2 =  0.9877),  which  deﬁne  the  propriety  of  the
model. The  characteristic  of  methyl  parathion  bearing  wastewater  was  concentration  30  mg/L,
COD 440  mg/L,  pH  6.5.  Maximum  removal  efﬁciency  was  perceived  at  acidic  pH  value  3.
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ntroductionhe  novel  era  of  chemical  pesticides  for  pest  control  began
round  the  World  War  II  (Shawaqfeh,  2010).  The  insecticidal
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otential  of  dichlorodiphenyltrichloroethane  (DDT)  was  dis-
overed  in  1939  by  Paul  Muller  in  Switzerland  and  the
evelopment  of  organophosphorus  insecticides  in  1945  in
ermany  (Casida,  2009).  The  ﬁrst  soil-acting  carbamate
erbicides  brought  to  light  in  the  United  Kingdom  in  1970  and
imultaneously,  the  chlordane  (organochlorine  insecticide)
as  introduced  in  Germany  and  the  United  States  (WHO).
owards  the  end  of  the  1960s,  the  vital  of  the  pesticide  has
een  well  recognized  for  the  pest  control  and  pyrethroids
ntroduced  in  1980  (Smith  and  Hagen,  1959;  Bosch  and  Stern,
962).  Pesticides  are  known  as  agrochemicals,  mainly  used
icle under the CC BY-NC-ND license (http://creativecommons.org/
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for  crop  protection  and  public  health.  The  present  pro-
duction  of  the  Indian  pesticide  industry  on  the  basis  of
growing  crop  intensity  is  about  124,000  tonnes.  Pesticide
covers  various  compounds,  including  herbicides,  fungicides,
insecticides,  molluscicides,  rodenticides,  nematicides,  etc.
(Aktar  et  al.,  2009).  Organochlorine  pesticides  are  highly
toxic  in  nature  and  the  rate  of  degradation  of  these  com-
pounds  is  slow  (Saini  and  Kumar,  2015).  Methyl  parathion
(MP)  comes  in  the  category  organophosphorous  insecticides.
The  maximum  acceptable  limit  on  a  daily  basis  for  MP
by  FAO/WHO  should  be  0—0.02  mg/kg  body  weight  (World
Health  Organization,  1993).  The  MP  concentration  in  natu-
ral  waters  (agricultural  areas)  in  the  USA  was  reported  up
to  0.46  g/L.  In  the  environment  MP  stays  from  a  few  days
to  some  months.  It  is  degrading  into  other  chemical  com-
pounds  sunlight,  water,  and  microbes  found  in  soil  and  water
(ATSDR,  2001).
Advanced  oxidation  processes  (AOPs)  have  great  consid-
eration  in  removal  of  organic  contaminants  from  wastewater
and  it  is  proﬁcient  in  transmuting  non-biodegradable  con-
taminants  into  non-toxic  biodegradable  materials  (Munter,
2001).  Fenton  oxidation  comes  in  the  category  of  AOPs,  has
been  considered  as  an  attractive  method  for  treatment  of
pesticide  waste  water.  Fenton  oxidation  rapidly  oxidizes  the
organic  pollutants,  by  the  generation  of  hydroxyl  radical
(OH•)  (Saeed  et  al.,  2015).  Hydroxyl  radical  has  the  strongest
oxidation  potential  (2.8  V)  preceded  by  the  ﬂuorine  (3.03  V)
(Babuponnusami  and  Muthukumar,  2014).
In  this  study,  Fenton  oxidation  was  done  for  the  removal
of  methyl  parathion  using  Fe2+ as  catalysts.  Central  compos-
ite  design  (CCD)  was  proposed  for  the  optimization  of  Fenton
process  with  two  factors  (pH  and  H2O2 concentration).
Materials and methods
Materials
Methyl  parathion  (CAS  number  298-00-0)  of  98.7%  purity
was  used  in  the  form  of  white  crystalline  solid,  purchased
from  Sigma—Aldrich  (Mumbai).  Chemicals  used  in  the  Fenton
oxidation  were  hydrogen  peroxide  (H2O2,  30%  w/v,  Merck),
FeSO4·7H2O  (Merck),  NaOH  (Merck)  and  H2SO4 (Merck)  with-
out  further  puriﬁcation.  HPLC  water  and  acetonitrile  were
purchased  from  Sigma—Aldrich  (Mumbai),  for  high  perfor-
mance  liquid  chromatography  (HPLC)  analysis.
Analytical  determinations
pH  metre  (LI  614,  ELICO)  was  used  for  measurement  of  the
pH  of  the  solution.  Magnetic  stirrer  (1  MLH,  REMI  Equip-
ments)  was  used  to  proceed  the  Fenton  oxidation.  The
COD  value  of  the  samples  was  analyzed  using  a  double
wavelength  photometer  system  by  the  microwave  digestion
method  (RD  125,  Loviband).
ExperimentBach  experiment  was  opted  for  the  removal  of  COD.  A  stock
solution  of  30  mg/L  was  prepared  in  distilled  water  and
stored  at  4 ◦C.  The  initial  pH  and  COD  of  the  MP  aqueous
s
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olution  was  6.5  and  440  mg/L,  respectively.  Fenton  oxida-
ion  was  performed  at  temperature  25 ◦C  with  a  volume
f  100  mL  in  250  mL  reactor.  The  pH  of  the  samples  was
djusted  by  NaOH  and  H2SO4. A  fresh  stock  solution  was
sed  for  each  set  of  experiment.  FeSO4·7H2O  was  used  for
he  formation  of  catalyst  (Fe2+)  in  Fenton  reaction.  H2O2 was
dded  in  the  mixture  for  preceding  the  reaction.  Magnetic
tirrer  was  used  to  make  the  homogeneous  mixture.  The
eaction  was  carried  out  at  a  constant  time  of  60  min.  After
0  min,  the  supernatant  liquid  was  introvert  for  the  analysis
f  COD.  The  COD  removal  efﬁciency  (E)  was  determined  by
he  following  equations  as  given  below:
 (%)  = (C0 −  C1)
C0
×  100  (1)
here  C0 is  the  initial  COD  and  C1 is  the  ﬁnal  COD,  respec-
ively.
esign  of  experiments  (DOE)
esign  Expert  9.0.5  software  (State-Ease  Inc.,  USA)  was  used
or  the  optimization.  The  independent  variables  (factors)
hosen  in  this  study  were  pH  (A),  H2O2 dose  (B)  and  Fe2+ dose
C),  whereas  the  %  COD  removal  (Y)  was  considered  as  the
ependent  factors  (response).  The  parameters  were  varied
n  the  range  of  pH  2—7;  10—25  mL/L  H2O2;  and  1—4  g/L  Fe2+.
he  behaviour  of  the  obtained  data  in  the  CCD  model  can
e  described  through  (Saini  and  Kumar,  2016):
 =  b0 +
k∑
i=1
biXi +
k∑
i=1
biiX
2
i +
k∑
i=1
k∑
j=1
bijXiXj +  ε  (2)
he  data  obtained  was  analyzed  using  analysis  of  variance
ANOVA).
esults and discussion
ffect  of  pH
he  effect  of  pH  was  estimated  at  the  operating  condition
pH]  =  2—7,  [FeSO4·7H2O]  =  0.2  g/L,  [H2O2]  =  2 mL/L  and  con-
entration  =  30  mg/L.  The  reaction  was  lead  for  a  60  min
sing  a  magnetic  stirrer.  The  supernatant  liquid  was  with-
rawn  after  60  min  to  check  the  COD  value.  Maximum  COD
emoval  of  64%  was  observed  at  pH  3.  Results  showed  that
OD  removal  efﬁciency,  increased  up  to  a  pH  value  3,  after
hat  it  was  decreased.  Because  at  higher  pH,  ferric  hydrox-
de  precipitated  and  settled  out.
ffect  of  H2O2 concentration
he  effect  of  H2O2 dose  on  COD  removal  was  observed  in
he  following  operating  condition  [pH]  =  3,  [Fe2+]  =  2.5  g/L
nd  [H2O2] =  10—25  mL/L.  The  maximum  COD  removal  was
bserved  79%.  Experimental  results  showed  that  COD
emoval  increased  when  H2O2 dose  was  increased  up  to
ome  extent,  after  that  COD  removal  decrease.  COD  removal
ncreased  due  to  the  formation  of  hydroxyl  radicals  (•OH)
nd  decrease  because  decomposition  of  H2O2 into  O2 and
2O  (Affam  et  al.,  2012).
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ffect  of  Fe2+ concentration
ron  ions  (Fe2+)  work  as  a  catalyst  in  the  Fenton  oxi-
ation.  The  effect  of  FeSO4·7H2O  dose  on  COD  removal
as  observed  in  the  following  operating  condition  [pH]  =  3,
Fe2+]  =  1—4  g/L  and  [H2O2]  =  20  mL/L.  The  maximum  COD
emoval  was  observed  71%.  Experimental  results  showed
hat  at  higher  doses  of  Fe2+ sludge  was  formed  in  the  solution
nd  deposit  at  the  bottom.
ptimization  of  Fenton  process
epending  on  the  factors,  the  CCD  design  needed  20  exper-
mental  runs.  The  coefﬁcients  of  polynomial  quadratic
odels  were  estimated  by  ANOVA  analysis.  Based  on
he  polynomial  quadratic  model  (Eq.  (2)),  the  predicted
esponse  (Y)  for  COD  removal  was  acquired  in  terms  of  coded
actors  as:
 (%)  =  71.27  −  19.58A  +  0.34B  +  8.75C  −  11.13A2 −  5.08B2
−  12.75C2 −  1.05AB  −  0.85AC  +  0.62BC (3)
The  predicted  values  and  experimental  values  were
ound  to  be  in  good  agreement  with  the  (R2 =  0.9891
nd  Adj-R2 =  0.9877),  which  deﬁne  the  propriety  of  the
odel.  The  Model  F-value  of  7.68  and  Lack  of  Fit  F-
alue  98,240.57  suggests  that  the  model  is  signiﬁcant.  The
easured  (experimental)  and  predicted  values  show  good
greements  between  them.
esponse  surface  plot
hree  dimensional  (3D)  response  surface  plot  was  used
o  determine  the  effects  of  independent  variables  on  the
esponse.  Fig.  1(a)  represents  maximum  removal  of  78.9%
n  terms  of  factors  AB  and  Fig.  1(b)  represents  maximum
emoval  of  76%  in  terms  of  factors  AC.  Surface  plots  repre-
ent  all  three  factor  have  a  positive  effect  on  COD  removal.
eaks  in  plots  represent  the  optimum  condition  for  highest
emoval.  Standard  deviation  and  mean  were  found  to  be
2.14  and  51.59,  respectively.
Wn  terms  of  (a)  AB  and  (b)  AC.
onclusion
ndependent  variable  such  as  pH,  H2O2 and  Fe2+ dose  signiﬁ-
antly  inﬂuenced  the  COD  removal  in  Fenton  oxidation.  The
eactions  were  carried  out  at  temperature  25 ◦C.  The  opti-
um  pH  was  obtained  3.  The  maximum  COD  removal  was
bserved  79%  when  the  dose  of  H2O2 varied  and  71%  when
ose  of  Fe2+ varied.  Standard  deviation  and  mean  were  found
o  be  12.14  and  51.59,  respectively.  The  Model  F-value  and
ack  of  Fit  F-value  suggests  that  the  model  is  signiﬁcant.
he  ANOVA  analysis  showed  measured  and  predicted  values
ere  in  good  agreements.
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